Abstract: Morphological studies and phylogenetic analyses of DNA sequences from three genomic regions -the internal transcribed spacer (ITS) regions of the nuclear ribosomal gene repeat, a partial sequence of RNA polymerase II subunit (rpb2), and a partial sequence of translation elongation factor (tef1) -were used to investigate the systematics of Hypocrea citrina and related species. A neotype specimen is designated for H. citrina that conforms to Persoon's description of a yellow effuse fungus occurring on leaf litter. Historical information and results obtained in this study provide the foundation for selection of a lectotype specimen from Fries's herbarium for H. lactea. The results indicate that (1 
INTRODUCTION
Among the most common and conspicuous members of the genus Hypocrea (Hypocreales, Hypocreaceae) are species that form extensively effused, lightly or brightly coloured stromata on leaf litter, soil, wood, and bracket fungi. Names that have been applied to these fungi include H. citrina (Pers. : Fr.) Fr., H. lactea (Fr. : Fr.) Fr., H. pulvinata Fuckel, H. fungicola P. Karst., and H. karsteniana Niessl. Confusion surrounds the application of the name H. citrina (Pers. : Fr.) Fr., and phylogenetically related species have not been determined. The stroma of H. citrina is extensively effuse, typically yellow and asci contain eight 2-celled uniseriate ascospores. Doi (1972) subdivided Hypocrea into subgenera, sections, subsections, and series based on stroma characters. He recognized H. pulvinata, H. citrina, and H. lactea as distinct species and placed them in Hypocrea subgen. Hypocrea sect. Homalocrea Yoshim. Doi. He included H. citrina and H. lactea in subsect. Citrinae Yoshim. Doi, while H. pulvinata was placed in subsect Pulvinatae Yoshim. Doi. The anamorph of H. citrina has acremonium-or verticillium-like conidiophores with hyaline conidia. Bissett (1991a, b) assigned acremonium-or verticillium-like condiophores to Trichoderma sect. Hypocreanum Bissett. Fourteen species of Hypocrea Fr., with stromata similar to that of H. citrina, or considered as its synonym, and anamorphs assignable to Trichoderma sect. Hypocreanum are newly described or redescribed, type specimens examined, and, where possible, phylogenetic relationships to H. citrina established.
Nomenclature and typification
The name H. citrina has been applied to two different species, one polyporicolous and one lignicolous or terrestrial. Rifai & Webster (1966) considered the terrestrial/lignicolous form of H. citrina to be a synonym of another terrestrial species, H. lactea. Canham (1969) used the name H. citrina, with H. pulvinata as a synonym, for the polyporicolous form. Perspectives on these differing conclusions can be found in Rifai & Webster (1966) and Canham (1969) . Application of the current International Code of Botanical Nomenclature (ICBN: Greuter et al. 2000) for the selection of type material provides the mechanism for stabilizing the application of the names, H. citrina, H. lactea, and H. pulvinata. Persoon (1796) described a yellow terrestrial fungus on leaf litter as Sphaeria citrina Pers. Fries (1816) described Sphaeria lactea Fr. as a white effuse fungus with dark ostioles that occurs on bark and soil. Fries (1823) expanded Persoon's concept of Sphaeria citrina Pers. : Fr. to include a polyporicolous element, listing Scleromyceti Sueciae 31 (SS 31) as representative material. Fries (1849) described the genus Hypocrea (formerly a section of Sphaeria) and transferred S. citrina and S. lactea into Hypocrea. Persoon's (1796) original protologue clearly emphasized a yellow effuse doi:10.3114/sim.2006.56.01 terrestrial species that occurs on leaf litter. Fries's expanded species concept caused confusion. He explicitly ascribed the species, however, to Persoon in the Index to the same volume and to volume 3 of his Systema mycologicum. Dingley (1955) and Canham (1969) followed Fries's (1823) concept of H. citrina to be a fungus that occurs on polypores, even though, historically, others such as Karsten (1873) , Niessl (1883) and Saccardo (1883) had recognized the fungicolous element included by Fries as taxonomically distinct from S. citrina. To account for the polyporicolous element that Fries (1823) ascribed to S. citrina, Karsten (1873) published the new name, Hypocrea citrina * fungicola P. Karst., without designating a formal rank. Niessl (1883) raised Karsten's taxon to species rank, H. karsteniana Niessl. Only months later, Saccardo (1883) , apparently unaware of Niessl's work, also elevated Karsten's taxon to species rank as H. fungicola (P. Karst.) Sacc. Karsten, Niessl, and Saccardo did not recognize H. pulvinata as a synonym, although it had previously been described from a polypore (Fuckel 1870) . Seaver (1910) Weese (1927) , which has never been disputed, serves as the basis for the application of the name H. pulvinata to the polyporicolous species.
There is no specimen of S. citrina in Persoon's herbarium (L), and collections that can be directly linked to Persoon cannot be located. Dingley (1955) took Fries's SS 31 (UPS), on a polypore, to be the type collection but did not formally designate the specimen as lectotype. Canham (1969) formally designated SS 31 (UPS) to be the lectotype of S. citrina. Canham (1969) described H. citrina var. americana Canham, with globose part-ascospores from polypores in North America. Fries (1823) adopted Persoon's epithet, thereby sanctioning it, and the name is therefore now cited as Hypocrea citrina (Pers. : Fr.) Fr. Article 7.8 ICBN allows the selection of neotypes among material cited by the sanctioning authority. In this case, the taxonomic circumscription of the name and its type specimen clearly comes from Persoon and Fries's species concept was confused. Fries's interpreation deviates from the protologue and thus we reject Canham's (1969) lectotypification. Rifai & Webster (1966) rejected Dingley's (1955) [and Canham's (1969) ] concept of H. citrina as being fungicolous, because it did not agree with the protologue of S. citrina. Based on the argument proposed by Rifai & Webster (1966) , it is evident that they wished to preserve the distinction between the fungicolous and terrestrial/lignicolous species in order to retain the name H. pulvinata for the fungicolous species. Their argument emphasized the original protologues of H. citrina and H. pulvinata. Rifai & Webster (1966) designated Persoon's original description of S. citrina as the lectotype in contravention to Arts. 8.1 and 9.2 of the ICBN that state a lectotype must be a specimen, or, at least, an illustration. By designating a litterinhabiting specimen as neotype, we intend to stabilize the application of the name H. citrina. Fries (1816) described Sphaeria lactea as "… latissime effusa subcarnosa lactea nuda, ostiolis punctiformibus immersis prominulisque". He reported that the new species grows on fallen logs and on naked soil in moist places and that the white colour does not change over time. He did not cite a specific collection or collecting locality. There are two specimens in Fries's herbarium (UPS) that can possibly be considered for neotypifying S. lactea, both of which were collected by Fries in "Småland, Femsjö"; one is identified as H. lactea and the other as Sphaeria lactea, but neither specimen has a date of collection. The specimen of H. lactea comprises an effused, yellow Hypocrea stroma that completely covers the leaf of a dicotyledonous plant. Ostiolar openings are visible throughout the specimen but mature ascospores were found only in one region. The specimen of S. lactea comprises an effused Hypocrea on the surface of what appears to be a piece of decorticated wood. The specimen is glued to a piece of stiff paper. The single stroma in this collection is mostly immature with no outward evidence of ostiolar openings or perithecia; most of it is cream or off-white in colour. Perithecial openings are visible in one small part of the stroma; this part of the stroma is darker in colour, more yellow, and the ostioles appear as minute papillae. Perithecia in this region contain asci with developing ascospores, and a few asci were found with apparently mature ascospores. It is unlikely that the specimen identified as H. lactea is part of the original gathering of this species simply because the genus Hypocrea dates from 1849.
The protologues of H. citrina and H. lactea are distinctly different, yet these taxa are now considered synonymous. According to the protologues, H. citrina is yellow and effuse and occurs on leaf litter, while H. lactea is white and effuse and occurs on soil and bark. As early as 1818, Fries's concept of S. lactea began to change as he illustrated S. lactea as a goldish white to greyish orange effuse fungus and suggested that it was closely related to H. citrina. Further confusing the issue, Doi's (1972) concept of H. lactea, which is based on Japanese material, differs from Rifai & Webster's concept of H. lactea. Doi's (1972) description and illustration of H. lactea featuring a yellow-brown stroma with distinct hyphal elements near the surface, likely represents an undescribed species from Japan. The importance that Fries (1816) and Persoon (1796) ascribed to stroma colour in the protologues of H. lactea and H. citrina must be reexamined using current methods including molecular phylogenetics. By designating the specimen in Fries's herbarium labeled S. lactea as neotype, we intend to stabilize the application of the name H. lactea and provide the basis for comparing H. lactea and H. citrina.
Species recognition
Species limits in Hypocrea have been historically based on morphology. Phylogenetic data and genealogical concordance phylogenetic species recognition (GCPSR: Taylor et al. 2000) are now being employed to define species and for systematic studies of Hypocrea (Chaverri et al. 2001 (Chaverri et al. , 2003a . GCPSR utilizes the concordance of multiple gene genealogies and the transition from concordance among branches to incongruity among branches to establish species limits (Taylor et al. 2000) . Molecular data from RNA polymerase II subunit (rpb2), translation elongation factor 1-alpha (tef1), and ITS1-5.8S-ITS2 (ITS) rDNA, have been used to make crucial anamorph-teleomorph connections in Hypocrea, to establish anamorph relationships at the sectional level in Trichoderma, and to place genera previously described in other pyrenomycete orders within the Hypocreales (Chaverri et al. 2003b , Dodd et al. 2002 , Kullnig-Gradinger et al. 2002 , Zhang & Blackwell 2002 . Data from these gene regions and morphological analyses will be used to address the following objectives: (1) the typification and redescription of H. citrina sensu Persoon and H. lactea sensu Fries using strict interpretations of the protologues for typification; (2) the determination of species related to Hypocrea citrina using GCPSR; (3) the morphological description of phylogenetic species identified in this study; and (4) a discussion of several species treated by Doi (1972) in Hypocrea subsect. Citrinae and subsect. Pulvinatae.
MATERIALS AND METHODS

Collections and isolates
Species concepts, illustrations, and descriptions from Doi (1972) were used in making identifications except for H. lactea and H. fulva. Table 1 lists the isolates used in this study. Frequently cited collectors are abbreviated, B.E. Overton (B.E.O.) and G. J. Samuels (G.J.S.). All isolates with G.J.S. designations were obtained by isolating single ascospores on CMD with the aid of a micromanipulator. All isolates with B.E.O. designations were obtained from plating the entire contents of individual perithecia. Unless otherwise annotated, host and substrate information were obtained from herbarium labels, and data were entered in specimens examined as it appears on the labels.
Molecular phylogenetic analysis
DNA sequence analysis of the isolates was conducted using three gene sequences: ITS1-5.8S-ITS2 (ITS), a partial sequence of translation elongation factor (tef1), delimited by the primer pair ef1/2, and a partial sequence of RNA polymerase II subunit (rpb2) delimited by the primer pair frpb2-5f/-7cr. Mycelia were lyophilized prior to DNA extraction. The lyophilization protocol is described in Stewart et al. (1999) . Extraction of genomic DNA was carried out using the phenol and chloroform extraction outlined in Stewart et al. (1999) . A 50 µL polymerase chain reaction (PCR) for ITS and tef1 was performed following the conditions outlined by Chaverri et al. (2001) using the following primer pairs: for ITS, the primers utilized were ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'-TCCTCCGCTTATTGATATGC-3') (White et al. 1990) ; for tef1, the primers were ef-1 (5'-ATGGGTAAGGA(A/G)GACAAGAC-3') and ef-2 (5'-GGA(G/A)GTACCAGT(G/C)ATCATGTT-3') (O'Donnell et al. 1998) . A 50 µL polymerase chain reaction (PCR) following the conditions outlined by Chaverri et al. (2003b) was utilized for generating a partial rpb2 product. The following two fungus-specific primers were employed: frpb2-5f (5'-GA(T/C)GA(T/ C)(A/C)G(A/T)GATCA(T/C)TT(T/C)GG -3') and frpb2-7cr(5'-CCCAT(A/G)GCTTG(T/C)TT(A/G)CCCAT-3') . Two percent dimethyl sulfoxide (DMSO) from AMRESCO® was added to each 50 µL PCR reaction. A PCR purification was carried out using a QIAquick® PCR purification kit. The ABI Prism Big Dye Terminator Cycle Sequencing Ready Reaction Kit with Amplitaq DNA Polymerase FS (PE Applied Biosystems) was utilized for sequencing cleaned PCR products for each primer direction. Performa® DTR gel filtration cartridges from Edge BioSystems were used for cleaning cycle sequencing products. Sequencing was either conducted on an ABI 377 located in the Plant Pathology Department at The Pennsylvania State University or sent to the Nucleic Acid Facility (Life Science Consortium, The Pennsylvania State University). Sequence data were trimmed at the 5' and 3' ends. The ITS region was sequenced for all isolates and used to screen for replicate isolates. Replicate isolates were removed from subsequent analyses if there were no obvious morphological or locality differences noted from the herbarium specimens. Sequences were assembled using SeqMan® II option and aligned using Clustal W in DNA Star (DNA Star Inc., Madison, Wisconsin), and a phylogenetic analysis was performed using PAUP* v. 4.0b8 (Sinauer Associates, Sunderland, MA). Alignments were manually adjusted in PAUP*. Overton et al. (1999) determined H. sulphurea to be a phylogenetically appropriate outgroup taxon for H. citrina and allies and this species was used as outgroup in all data sets. Maximum parsimony (MP) analyses were completed using the heuristic search option with starting trees obtained via random addition sequence (10 replicates) and TBR branch swapping. Gaps (insertions/deletions) were treated as missing data. Bootstrap analysis was performed in 500 replicates with random sequence addition (10 replicates). The sequences and alignments were deposited in GenBank (Table 1) .
Determination of optimal growth temperature
A growth trial using multiple isolates from each phylogenetic species established in the species tree ( Fig. 1 ) was carried out using 20 mL of three media: potato-dextrose agar (PDA, Difco), cornmeal-dextrose agar (CMD, Difco), and SNA with filter paper (Nirenberg 1976) . Inoculum was prepared on CMD. A 1-cm-diam disk from the actively growing inoculum colony was placed near the edge of the plate. One plate of each medium for each culture was incubated at 20, 25, 30, and 35 °C in total darkness. The radius of the colony was measured from the edge of the inoculum at 24-h intervals for 4 d. The experiment was replicated three times during subsequent weeks. Optimal growth temperatures are summarized in the species descriptions. The psychrophila clade is supported by a bootstrap score of 93 % based on combined parsimony analysis of rpb2 and tef1 (Chaverri et al. 2003b, fig. 7 ).
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It is difficult to distinguish between hyphal protuberances and t. intricata near the stroma surface because t. intricata does not form a well-defined margin at the stroma surface resulting in hyphal protuberances of varying lengths.
were described and photographed. Kornerup & Wanscher (1981) . Anamorph and teleomorph characters are included in the species descriptions. Important morphological characters used in species recognition are discussed in the comments section immediately following each species description.
RESULTS
The trees generated from ITS are slightly different from those obtained from tef1 and rpb2 (Figs 1-3 All three data sets are concordant with similar homoplasy indices. The heuristic search of the most parsimonious tree for the ITS dataset yielded two trees with 48 steps. The minimal possible tree length is 41 (Fig. 1) . From a total of 523 characters, 484 characters are constant, 11 variable characters are parsimony-uninformative and 28 characters are parsimony-informative. The heuristic search of the most parsimonious trees for the tef1 dataset yielded six trees with 476 steps with the minimum possible tree length of 393 (Fig. 2) . From 695 total characters, 392 characters are constant, 61 variable characters are parsimony-uninformative, and 242 characters are parsimony-informative. The heuristic search of the most parsimonious trees for the rpb2 dataset yielded two trees with 172 steps with the minimum possible tree length of 150 (Fig. 3) . From 969 total characters, 833 characters are constant, 56 variable characters are parsimony-uninformative, and 80 characters are parsimony-informative.
The combined phylogenetic analysis using ITS, partial sequences of tef1 and rpb2 distinguished H. americana from H. pulvinata with a bootstrap score of 100 % (Fig. 4) . European and North American isolates of H. pulvinata formed two distinct subclades, each supported by a bootstrap score of 100 %. Hypocrea pulvinata and H. americana formed a monophyletic group supported by a bootstrap score of 87 % (I, II). Hypocrea americana, H. pulvinata, and H. protopulvinata (III) formed a strongly supported monophyletic group with a bootstrap score of 100 % (Clade A). Isolates of H. citrina (including the ex-neotype (IV)) formed a strongly supported monophyletic group with a bootstrap score of 100 % (Clade B). Hypocrea microcitrina (VI) and H. pseudostraminea (V) are situated in an unresolved sister clade to H. citrina supported by a bootstrap score of 100 % (Clade C). Isolate B.E.O. 99-36 is divergent from other isolates of H. pseudostraminea; nevertheless, all isolates of H. pseudostraminea formed a strongly supported monophyletic group (V) with a bootstrap score of 100 %. Isolates of H. microcitrina (VI) formed a strongly supported clade with a bootstrap score of 100 %. The heuristic search of the most parsimonious trees yielded one tree with 678 steps with the minimum possible tree length of 575 (Fig. 4) . From 2189 total characters, 1710 characters are constant, 133 variable characters are parsimony-uninformative, and 346 characters are parsimony-informative.
Overall, ITS sequences are less variable than the tef1 and rpb2 sequences. The tef1 and rpb2 regions distinguished between North American and European isolates of H. pulvinata, whereas ITS did not. None of the gene regions consistently resolved North American and European isolates of H. citrina. Hypocrea citrina isolate G.J.S. 95-183 grouped with North American and European isolates of H. citrina in the ITS tree, but had a significantly longer branch in the tef1 and rpb2 trees. This represents a point of discordance that establishes a phylogenetic species boundary for H. citrina. The highest bootstrap scores for isolates of H. citrina were obtained in all three datasets at the base of Clade B.
DISCUSSION
Phylogenetic analysis and establishment of major clades
Despite some variation between the ITSl, tef1, and rpb2 gene trees, it can be concluded that H. citrina is phylogenetically distinct from H. pulvinata. In the combined analysis, Clade A, consisting of H. pulvinata, H. americana, and H. protopulvinata, is monophyletic; Clade B consists of all H. citrina isolates; and Clade C consists of H. pseudostraminea and H. microcitrina (Fig. 4) . The H. microcitrina and H. pseudostraminea subclades are separated by long branches (Fig. 4) . It is possible, given the large branch length differences, that long-branch attraction may be artificially inflating the bootstrap score uniting these taxa. Future phylogenetic studies that should include H. protocitrina, H. albocitrina, and H. lactea sensu Doi may help to more clearly elucidate the relationship of H. pseudostraminea and H. microcitrina to H. citrina. Sequences from H. pulvinata and H. americana produced highly concordant gene trees, consistently generating the same subgroupings. ITS data from 3 out of 4 isolates of H. citrina from Europe differed from North American isolates in a single nucleotide. The exneotype culture of H. citrina (CBS 894.85) was identical with B.E.O. 99-29 in the tef1 gene tree, but they differed in the rpb2 tree. Furthermore, H. citrina isolate G.J.S. 95-183, which is invariant in the ITS tree from other North American isolates, had significant branch length differences in the tef1 and rpb2 gene trees from all other H. citrina isolates. The differences between isolates of H. citrina can best be explained by sexual recombination. Therefore, the species boundary for H. citrina was determined to be at the point of discordance separating clade B in the gene trees (Fig. 4) . Isolates of H. pulvinata show large numbers of nucleotide changes between North American and European isolates in the rpb2 and tef1 data sets. The differences between North American and European isolates in the tef1 and rpb2 may represent cryptic species or simply variations in population structure. North American and European isolates of H. pulvinata are morphologically indistinguishable, and the ITS sequences are identical. Additional sequence analysis and morphological examination of European isolates will be required to determine whether European isolates represent a distinct species. In the ITS gene tree for H. americana, a single nucleotide change separates isolates of H. americana from H. pulvinata, while there are larger differences in the tef1 and rpb2 gene trees between these species.
The optimal temperature for growth was determined for each phylogenetic species. Optimal temperature for growth is reported only when multiple strains with branch length differences within a phylogenetic species could be sampled in order to determine the intra-species variation. Growth temperature optima could not adequately distinguish between any of the phylogenetic species nor were they variable within a phylogenetic species in which strain differences had been established based on branch length differences.
Phylogenetics and classification
The monophyly of many of the infrageneric groupings proposed by Doi (1972 ) have yet to be tested by DNA sequence analysis. In this study, it was found that subsections Citrinae and Pulvinatae as defined by Doi are not monophyletic assemblages of species. Hypocrea microcitrina and H. megalocitrina (Chaverri et al. 2003b ) are not situated in the H. citrina clade. It is more difficult to determine the phylogenetic boundaries of Subsection Pulvinatae because Doi broke it up into several series from which isolates could not be sequenced.
Hypocrea microcitrina, H. pseudostraminea and H. lactea sensu Doi have similar morphological characters in the form of hyphal protrusions and textura intricata near the stroma surface. It is difficult to distinguish between hyphal protuberances and textura intricata. It is unclear at this time if the hyphal protrusions near the surface of the stromata and the textura intricata found in H. pseudostraminea and H. microcitrina are homologous characters, but both of these taxa have similar irregular verticillium-like anamorphs. Doi (1972) classified H. pseudostraminea in subsect. Pulvinatae, series Splendentes, and H. microcitrina in subsect. Citrinae. The results generated here suggest that the subgroupings proposed by Doi (1972) are artificial (Table 2) .
At this time, it is unclear how H. albocitrina and H. protocitrina are related to H. citrina, as cultures are not available for sequencing. The overall macromorphology of H. albocitrina and the stroma tissue of H. protocitrina consisting of textura intricata suggest that these taxa are more similar to H. microcitrina and H. pseudostraminea. Hypocrea megalocitrina has been sequenced and is not situated in the same clade as H. citrina (Chaverri et al. 2003b) . Molecular data generated by Chaverri et al. (2003b) place H. megalocitrina near a cold-loving species described by Müller et al. (1972) as H. psychrophila. Doi (2001) long ostiolar canals of Hypocrea psychrophila and H. megalocitrina are the morphological characters uniting these taxa. Doi (2001) classified H. mikurajimensis in the H. patella group of subsection Pulvinatae, series Splendentes, which has been shown to be paraphyletic (Dodd et al. 2002) . The exact phylogenetic position of this species in relation to all other taxa included by Doi (1972) in Series Splendentes cannot be determined at this time. However, Chaverri et al. (2003b) 
Typification and nomenclatural conclusions
With the selection of a specimen that agrees with the protologue of S. citrina (Gams 4031, CBS 894.85) as neotype (herein designated), the concept of the species can be firmly attached to a litter-inhabiting fungus. It is clear from the molecular and morphological data that H. pulvinata (= H. citrina var. citrina sensu Canham) and H. citrina, as neotypified here, are not synonyms and that Fries (1823) and later Canham (1969) made a taxonomic error in expanding the species concept of S. citrina to include the polyporicolous element. Hypocrea citrina var. americana is elevated to species status, H. americana, based on morphological characters and a well-delimited phylogenetic species boundary.
Molecular data were compared from many different specimens of H. citrina collected in different geographic locations with variations in stroma colour and substrate. It was determined that the protologue was too narrowly defined for H. citrina. Specimens BPI 1107145, G.J.S. 89-145 and CBS 853.70 (Fig. 5C ), which are white to light yellow and occur on soil, were found to be phylogenetically the same as the neotype of H. citrina, which is bright yellow and occurs on leaf litter (Fig. 6) . A lemon-yellow specimen, B.E.O. 99-29, on the moss Drepanocladus uncinatus (Hedw.) Warnst., was also found to be the same as the neotype based on molecular results. These findings show that stroma colour and substratum are variable characters, a finding not suggested by the original protologue of S. citrina. Hypocrea citrina was never observed growing on polypores in this study.
The only two available historical specimens in Fries's herbarium (UPS) for H. lactea are not consistent with the protologue in that they are not white, as emphasized in the original protologue of H. lactea. Recommendations 9A.2 and 9A.3 of the ICBN clearly indicate that historical specimens should not automatically be taken as type material if they are discordant with the protologue. However, Fries's species concept of H. lactea changed from the white form described in his protologue (1816) to include a whitish gold to greyish orange form that Fries illustrated (1818) with a colour lithograph two years after the original description and sanctioned (Fries 1823) . The illustrated specimen has almost exactly the same shape and colour as the specimen of S. lactea considered here as the lectotype specimen (Fig. 7) . Taxonomically, both specimens of H. lactea in Fries's herbarium can be identified as the yellow form of H. citrina based on morphological characters. Molecular data have shown that H. citrina could in fact be white and could occur on soil just as Fries described in the protologue for H. lactea. The neotype of H. citrina is consistent in characteristics defined by Fries for H. lactea and is consistent with Rifai & Webster's (1966) conclusion that H. citrina and H. lactea are synonymous.
Rifai & Webster's selection of the name H. lactea over that of H. citrina is not consistent with the present Articles 11.4 and 15.4 of the ICBN, which govern the priority when two sanctioned names compete, giving priority to the older name. Consequently, terrestrial collections lodged in herbaria after 1966 were generally labeled H. lactea. Specimens previously identified under the name H. lactea should therefore be reidentified as H. citrina, the older name, which has priority over H. lactea.
Some confusion exists around the selection of type material associated with the name H. pulvinata. When Fuckel (1870) described H. pulvinata, he did not cite a specific specimen, but indicated Polyporus sulphureus as the substratum. Rifai & Webster (1966) indicated that the substratum for Fuckel, Fungi Rhenani 2467, preserved at K was "Polyporus resinosus", which recently was identified as Laetiporus sulphureus. This specimen is over-mature, and no asci remain. Two specimens of F. Rhenani 2467 on L. sulphureus in G are also overmature. A specimen at FH, #876, was part of Fuckel's herbarium; the collecting data match those given in the protologue and the substratum also is identified as being Polyporus (= Laetiporus) sulphureus. Moreover, this collection is in good condition and is designated here as the lectotype for H. pulvinata. Measurements obtained from all historical specimens included in this study were consistent with measurements from more recent collections of H. pulvinata used in the molecular analysis. The species concept presented here for the polyporicolous form and the application of the name H. pulvinata is consistent with Weese (1927) , Rifai & Webster (1966), and Doi (1972 Teleomorph: Stromata effuse, extensive, largest continuous stroma, 140 × 40 mm, smallest continuous stroma, 3 × 2 mm, many stromata not larger than 25 × 10 mm, solitary to confluent, varying in colour, sometimes white to light pastel, usually yellow to greyish yellow, sometimes orange-yellow to brownish yellow (4A4-4B4; 4A6-5A7; 3A4), KOH +/-, reaction variable, usually very weak with slight browning of stroma; ostiolar canals visible at stroma surface, appearing light brown, giving rise to the greyish yellow overall appearance of the stroma. Stroma surface smooth; tissue immediately below the stroma surface and perithecia of compact to loose pseudoparenchymatous cells consisting of textura globulosa to t. angularis with some compact-vertically arranged hyphae. Perithecia completely immersed except for a slight protrusion of the ostiolar canals, ≤ 30 µm high (n = 7), generally widely spaced, compact in some regions, sometimes completely absent near the margins or regions of extensive stroma growth. thickened. Part-ascospores hyaline, thick-walled, minutely spinulose, dimorphic; distal part subglobose, sometimes subellipsoidal, (3.2-)4.1-5.2(-6.3) × (2.9-) 3.7-4.8(-5.7) µm, L/W ratio, (0.7-)0.99-1.2(-1.5) (n = 166); proximal part, ellipsoidal, sometimes subglobose to ovate, (3.3-) 4.4-6(-7.1) × (2.5-)3.3-4.9(-6.3) µm, L/W ratio, (0.6-)1-1.6(-2.1) (n = 166).
Anamorph: Colony covering the surface of a 100 mm diam Petri plate with PDA in 10 d, not producing concentric rings or radial rays of mycelium; a layer of cottony aerial mycelium along the entire Petri plate; no distinctive odour or pigmentation. Conidiophores irregularly branched on long hyphal elements, usually verticillium-like; phialides in whorls of 3-4(-5) , sometimes solitary; phialides subulate, (8-)14-19 (-26) × (2.3-)2.9-3.7(-4.3) µm (n = 61); conidia variable in size, subglobose to subellipsoidal, (3-)3.3-5.8 (-10.8 Habitat: On leaf litter and rich soils, especially soil near decaying stumps, less commonly on decorticated wood, and moss-covered bark. Doi's (1979) annotation of Fries's historical specimen of H. lactea (cited in his specimens examined) listed part-ascospore measurements as follows: distal part-spores 3.5-4.5 × 3.4-3.9 µm, proximal part-spores 4.5-5.5 × 3.2-3.5 µm. These measurements differ substantially from the measurements given by Doi (1972) Teleomorph: Stromata effuse to subpulvinate, extensive, solitary to confluent, largest continuous stroma 60 × 20 mm, smallest continuous stroma 3 × 2 mm, varying in colour, orangish yellow to greyish orange, sometimes brownish yellow to golden-yellow, or brown-yellow (4B7-4B6; 5C7-5B7; 5C5); KOH + , reaction variable, sometimes weak, generally with stromata becoming orange or red; ostiolar openings visible from stroma surface. Warted hairs at surface of stromata, tissue immediately below the stroma surface formed of compact to loose pseudoparenchymatous cells, textura globulosa to t. angularis. Perithecia numerous and completely immersed in the stromata, generally widely spaced but compact near the centre, ellipsoidal, (189-) 206-246(-275) µm long (including length of ostiolar canal, n = 28); width of perithecia near the base (3/4 total length of perithecium) (96-)105-161(-186) µm (n = 28); length of ostiolar canal (36-)48-72(-82) µm; width of ostiolar canal (29-)43-63(-72) µm (n = 28); perithecial wall KOH + , reaction variable, usually brownish orange. Asci cylindrical, (44-)66-90(-115) × (2.8-)3.6-5.2(-7.9) µm (n = 321), tip slightly thickened. Part-ascospores hyaline, thin-walled, smooth to minutely spinulose, generally monomorphic and longer than broad; distal part ellipsoidal, sometimes subglobose, (2.8-)3.7-4.7(-6.0) × (2.3-)2.9-3.7(-4.6) µm, L/W ratio (0.8-)1.1-1.5(-2.2) (n = 335); proximal part, ellipsoidal, sometimes subglobose, (2.8-)3.8-5 (-6.7) × (2.3-)2.8-3.8(-4.7) µm, L/W ratio, (0.8-)1.1-1.6(-2.2) (n = 335).
Anamorph:
Colonies covering a 100 mm diam Petri plate with PDA in 10 d; producing concentric growth pattern with radial rays; small white cottony aggregates near the edge of the Petri dish composed of mycelium and acremonium-like conidiophores, no aerial conidiophores; stromata and perithecia produced near the edge of the plate; reddish brown pigment (9E8) produced near the centre of the plate and brown pigment (7E8) near the edge of the plate; no odour.
Colonies covering a 100 mm diam Petri plate with SNA also in 10 d; forming a thin layer with small white cottony aggregates of conidiophores (at random places on the plate); no aerial mycelium and only a few scattered conidiophores with conidia; no pigment production, no odour. Conidiophores developed and started producing conidia on SNA at 10 d. Colonies covering a 100 mm diam Petri plate with CMD in 10 d; forming a thin layer with small white cottony aggregates near the edge of the Petri plate; trace of brown pigment (7E8) near the inoculum; no odour. Conidiophores developing on CMD, only a few producing conidia. Optimal temperature for growth on all 3 media is 25 °C.
Measurements of micro-morphological characters were the same on all three media. A description based on measurements from all three media at 10 d follows: conidiophores variable in branching pattern and phialide number; phialides generally solitary, subulate, variable in length, (7-)24-44(-50) × (2.7-)3.6-4.6 (-5.3) µm (n = 32); below the phialides chlamydosporelike hyphal thickenings sometimes observed; conidia variable in size, many asymmetric, having a truncate base, subglobose to subellipsoidal, some bulb-shaped, (2.7-)4.1-7.1(-11) × (2.1-)3.3-5.6(-9) µm (n = 92). After 10 d conidia began to swell and were more variable in size. 
Habitat: Found on a variety of polypores, including
Anamorph:
Colonies covering a 100 mm diam Petri plate with PDA in 10 d; mycelium growing tightly pressed to the surface, appearing wet, no aerial mycelium; conidiophores produced in cottony tufts concentrated near the edge of the plate, tufts thicker and rising further from the agar surface than on CMD; stromata and perithecia emerging from several regions where conidiophores are found in the greatest number; brownish orange (7C8) to reddish brown (8E8) pigment diffusing in the medium, pigments visible within the hyphae. Colonies covering a 100 mm diam Petri plate with SNA in 10 d; mycelium thin, watery in appearance; conidiophores scattered, conidial production poor or absent. Colonies covering a 100 mm diam Petri plate with CMD in 10 d; mycelium tightly pressed to the surface, appearance watery, no aerial mycelium; conidiophores produced in cottony aggregates and tufts concentrated near the edge of the plate; brownish orange (7C8) to light brown pigment (7D8) diffusing into the medium. Optimal temperature for growth on all 3 media is 25°C.
Measurements of micro-morphological characters were the same on all three media. A description based on measurements from all three media at 10 d follows: conidiophores variable in branching pattern and phialide number; phialides generally solitary, subulate, variable in length, (12-)20-40(-56) × (1.8-)3.3-5.1(-6.4) µm (n = 41), with chlamydospore-like thickenings just below the phialides on CMD and PDA; conidia variable in size and shape, typically subglobose to subellipsoidal, sometimes bulb-shaped, many asymmetric, having a truncate base, (3.2-)3.6-6.8(-10. 2) × (2.6-)3.2-5.9 (-8.8 Comments: Hypocrea americana is easily distinguished from H. pulvinata by size and shape of the ascospores and degree of visibility of the ostiolar openings. The ascospores of H. americana are globose to rhomboidal with width greater than the length. In H. pulvinata, the ascospores are ellipsoidal, the length exceeding the width. The ostiolar openings in H. pulvinata are visible and the stroma surface has less of an overall rugulose appearance than in H. americana. In the specimen BPI 802838, both H. pulvinata and H. americana occur on the same host. Teleomorph: Stromata effuse, sometimes subpulvinate, solitary to confluent, extensive, varying in colour, usually orangish yellow to light brown, young stromata white, becoming pale yellow where perithecia are developing (4B6-6D7; 4A3); KOH +/-, reaction variable, weak, generally with stromata becoming darker orange; largest continuous stroma 22 × 15 mm, smallest continuous stroma 5 × 3 mm; ostiolar openings visible from stroma surface. Hyphal protrusions at stroma surface subglobose to pyriform, slightly roughened, not appearing warted like in H. pulvinata. Tissue immediately below the stroma surface variable; cells adjacent to ostiolar canals composed of rather thickwalled t. angularis; cells between perithecia of t. globulosa with some t. intricata intermixed; cells near the base of the perithecia composed of tightly packed irregular pseudoparenchymatous tissue in between t. globulosa, t. intricata, and t. angularis. Perithecia numerous near the stroma centre, scarce near the margin, generally widely spaced, subglobose to ellipsoidal, (151-)180-286(-310) µm long (including the length of the ostiolar canal, n = 11); width of perithecia near the base (99-)106-153(-176) µm, n = 11; length of ostiolar canal (33-)33-57(-68) µm; width of ostiolar canal (27-)30-46(-53) µm, n = 11; wall KOH +/-, reaction variable, weak, usually brownish orange. Asci cylindrical, (45-)56-72(-76) × (3.7-)4-5(-5.4) µm (n = 52), tip slightly thickened. Part-ascospores hyaline, thin-walled, smooth, sometimes minutely spinulose, dimorphic; distal part subglobose, (3-)3.3-3.9(-4.3) × (2.6-)3-3.5(-4.2) µm, L/W ratio, (0.8-)0.99-1.2 (-1.5) (n = 52); proximal part ellipsoidal, sometimes subglobose, (3.2-)3.6-4.2(-4.8) × (2.4-)2. 7-3.3(-3.8) , L/W ratio (0.9-)1.1-1.5(-1.8) (n = 52).
Hypocrea protopulvinata
Anamorph: Colonies growing across the surface of a 100 mm diam Petri plate with PDA in 10 d; radial growth with radial rays, mycelium tightly pressed to the surface, sometimes with web-like sectors of rapidly growing mycelium, no aerial mycelium; conidiophores produced near the edge of the colonies in tufts; several large aggregates appear to be stroma initials; other large aggregates consist of clustered conidiophores; agar with a yellowish tint from the reverse, brown pigment (5D7) being produced near the edge of the plate and the agar plugs; sometimes odour (fruity of sour apples) produced when plates are tightly sealed; stromata produced 25-30 d following inoculation in sealed plates of the ex-type strain. Colonies growing across the surface of a 100 mm diam Petri plate with SNA in 10 d; mycelium web-like, random tufts of conidiophores arising from the agar surface, very few mature conidiophores; no pigment production. Colonies growing across the surface of a 100 mm diam Petri plate with CMD in 10 d; mycelium tightly pressed to the surface, appearing wet, no aerial mycelium; conidiophores produced near the edge of the plate, very rarely in tufts arising from the surface, very few mature conidiophores. Optimal temperature for growth on all 3 media is 25-30 °C with cultures growing ≤ 3 mm at 35 °C. Measurements of micro-morphological characters were the same on all three media. A description based on measurements from all three media at 10 d follows: conidiophores irregular, acremonium-like, variable in branching pattern and phialide number; phialides generally solitary, subulate, variable in length, (8-)20-38(-49) × (3-)3.7-4.7(-6) µm (n = 54); chlamydospore-like swellings below the phialides not as prominent on PDA and CMD; conidia variable in size and shape, generally subellipsoidal, some subglobose to subellipsoidal, most conidia have a well-developed truncate base, (4-)5.9-9.9(-16) × (2.8-)4-7(-9.5) µm (n = 76); chlamydospores not observed after 10 d. After 10 d conidia begin to swell and are more variable in size.
Habitat: On Fomitopsis pinicola and unidentified polypores.
Known distribution: Japan and North America. Comments: Hypocrea protopulvinata is easily distinguished from H. pulvinata and H. americana because of its dimorphic ascospores and more effuse stromata with roughened, not warted, hyphal protuberances. The subglobose distal part-spores of H. protopulvinata are similar in size to the monomorphic subglobose part-spores found in H. americana: (3-)3.3-3.9(-4.3) × (2.6-)3-3.5(-4.2) µm in H. protopulvinata versus (1.7-)2. 7-3.7(-6 .2) × (2.4-)3.2-4.2(-5.3) µm in H. americana; In addition, the ellipsoidal proximal part-spores of H. protopulvinata are similar in size to the monomorphic ellipsoidal part-spores found in H. pulvinata: (3.2-)3.6-4.2(-4.8) × (2.4-)2. 7-3.3(-3.8) in H. protopulvinata versus (2.8-)3.8-5(-6.7) × (2.3-)2. 8-3.8(-4.7) in H. pulvinata. All three of these species have thin-walled part-ascospores that are smooth to minutely spinulose, characters not common in Hypocrea. Teleomorph: Stromata in aggregates or scattered, disciform, attached to decayed logs via a narrow base, deep yellow-ochre to ochre-brown, 2-6 mm diam, 0.8-1.6 mm thick, cells at surface of stromata roughened; perithecia ellipsoid, 200-240 µm in length; partascospores hyaline, warted, generally monomorphic, globose, 2.1-2.3 µm diam or sometimes obovate ellipsoid, 2.0-3.0 µm long (Doi 1972) .
Hypocrea platypulvinata
Anamorph: Conidiophores acremonium-like; phialides subulate toward the apices, 15-35 × 1.5-2.0 µm; conidia hyaline, smooth, cylindrical to obovate-ellipsoid, with a truncate base, 4.0-14 × 2.3-5.1 µm; chlamydosporelike, thick-walled cells often produced, 2-12 × 6-8 µm in culture (Doi 1972) .
Habitat: On decayed logs of broad-leaved trees.
Known distribution: Japan.
Specimens examined: Type material not available for examination.
6. Hypocrea megalocitrina Yoshim. Doi, Bull. Natl. Sci. Mus. 15: 669. 1972. Figs 17-18. Anamorph: Trichoderma sp. [sect. Hypocreanum] .
Teleomorph: Stromata effuse, solitary to confluent, extensive, largest continuous stroma, 40 × 30 mm, smallest continuous stroma 3 × 2 mm, varying in colour, usually light brown (6D7); KOH -; surface of stromata appearing roughened due to ostiolar canals projecting from the stroma surface, which are covered by a thin layer of t. intricata. Tissue immediately below the stroma surface formed of compact to loose t. intricata and sporadic pseudoparenchymatous cells varying from textura globulosa to t. angularis. Perithecia numerous, generally widely spaced but compact near the centre of the stroma, ellipsoidal-elongate, (207-)240-320 (-345) µm high (including the length of the ostiolar canal, n = 24); width of perithecia near the base, measured from 3/4 the total length of each perithecium, (113-) 127-181(-208) µm (n = 24); length of ostiolar canal (54-)62-94(-130) µm (n = 24); width of ostiolar canal (54-)57-75(-84) (n = 24); wall KOH -. Asci cylindrical, (66-)79-97(-118) × (4.7-)5.3-6.6(-7.4 ) µm (n = 93), tip slightly thickened. Part-ascospores hyaline, thickwalled, nodulose, dimorphic; distal part subellipsoidal to conical, (3.2-)4. 5-5.8(-6.6 ) × (3.0-)3.8-5(-6) µm, L/W ratio (0.9-)1-1.3(-1.9) (n = 121); proximal part ellipsoidal, rarely subellipsoidal, sometimes appearing thimble-shaped or conical, (3.7-) 4.6-5.9(-7) × (3.1-) 3. 7-4.8(-5.8 ), L/W ratio (0.8-)1.0-1.4(-1.8) (n = 121).
Anamorph: Colonies on n PDA covering the surface of a 100 mm diam Petri plate in 10 d, producing an extensive layer of aerial mycelium; conidiophores concentrated near the agar plug, some areas with thicker layers of aerial mycelium than others; conidiophores in dense clusters near the agar plug, but also on thin layers of aerial mycelium near the edge of the plate; no diffusible pigment observed in the agar; conidiophores typically verticillately branched; phialides slender, subulate, typically in whorls of 3-5, but also solitary; phialides with conidia appearing light yellow when compacted in the aerial mycelium, (11-)15-24(-30) × (2-)2.3-3.4(-4) µm; conidia hyaline, smooth, subglobose to ellipsoidal, variable in size and shape, sometimes with a truncate base, (3.8-)4-6.5(-9) Stromata effusa, solitaria vel confluentia, ad 8 × 5 mm, griseoaurantia, ostiolis protrudentibus verrucosa. Ascosporae hyalinae, crassitunicatae, exigue nodulosae, partes quasi monomorphicae; pars distalis quasi conica, (3.6-)4. 5-5(-5.9 ) × (2.5-)3.3-4(-4.6) µm, pars proxima plus minusve ellipsoidea, (3.6-)4.2-5.4(-6.4) × (3.1-)3.3-4(-4.6) µm. Anamorphosis ignota.
Teleomorph: Stromata effuse, solitary to confluent, extensive, largest continuous stroma, 8 × 5 mm, smallest continuous stroma, 2 × 2 mm, greyish orange (6B4); KOH -; surface of stromata appearing roughened because of ostiolar canals projecting from stroma surface; projecting ostiolar canals covered by a thin layer of t. intricata. Tissue immediately below the stroma surface formed of compact to loose t. intricata and sporadic pseudoparenchymatous cells, typically textura globulosa. Perithecia numerous and completely immersed in stromata, generally widely spaced but compact near the centre of the stroma, ellipsoidalelongate, (207-)240-258(-283) µm high (including the length of the ostiolar canal, n = 10); width of the perithecium near the base, measured from 3/4 the total length of each perithecium, (113-) 135-149(-193 ) µm, n = 10; length of ostiolar canal (54-)64-90(-99) µm, n = 10; width of ostiolar canal (67-)69-79(-84) (n = 10); wall KOH -. Asci cylindrical, (66-)80-98(-104) × (4.7-) 5-5.8(-6.4 ) µm (n = 30), tip slightly thickened; partascospores uniseriate. Part-ascospores, hyaline, thickwalled, minutely nodulose, slightly dimorphic, almost appearing monomorphic; distal part subellipsoidal, slightly conical, (3.6-)4. 5-5(-5.9 ) × (2.5-)3. 3-4(-4.6) µm, L/W ratio, (0.9-)1-1.4(-1.9) (n = 30); proximal part ellipsoidal, rarely subellipsoidal, slightly conical, (3.6-)4.2-5.4(-6.4 ) × (3.1-)3.3-4(-4.6) µm, L/W ratio, (0.8-)1.1-1.5(-1.7) (n = 30).
Habitat: On bark of Pinus strobus. Teleomorph: Stromata subpulvinate to pulvinate, discrete but sometimes confluent, largest stroma composed of confluent fructifications, 1.5 × 1.2 mm, smallest continuous stroma 0.5 × 0.5 mm, stromata generally discrete, 0.55-0.9 mm diam (n = 26), brownish yellow in lighter regions to yellowish brown in darker regions (5C8-5E8); tissue immediately below the stroma surface formed of a thin layer (3-4 cells thick) of loose to compact pseudoparenchymatous cells, typically textura globulosa to t. angularis, stromata otherwise composed of vertically arranged t. intricata. Perithecia completely immersed in the stromata, generally widely spaced, ellipsoidal, (283-)290-340(-345) µm high (including the length of the ostiolar canal (n = 4); width of perithecia near the base, measured from 3/4 the total length of each perithecium, (200-)210-250(-258) µm (n = 3); length of ostiolar canal (63-)64-84(-88) µm (n = 4). Asci cylindrical, (110-)125-140(-162) × (5.6-)6.3-8.0(-9.6) µm (n = 26), tip slightly thickened.
Part-ascospores hyaline, thick-walled, nodulose, slightly dimorphic; distal part subellipsoidal, slightly conical, (3.9-)4. 5-5.5(-6 .2) × (2.8-)3.2-3.8(-4.3) µm, L/W ratio, (1.1-)1.2-1.6(-2.0) (n = 30); proximal part ellipsoidal, rarely conical, (4.3-)4. 6-5.6(-6.5 ) × (2.8-) 3.0-3.6(-4.1), L/W ratio, (1.2-)1.3-1.7(-1.9) (n = 30).
Syntypes examined: Indonesia, Tjibodas, on herbaceous stem, 104 and 410 (PAD).
Comments: Hypocrea fulva is very similar to H. aurantiistroma and H. megalocitrina as it has ostiolar canals projecting from the stroma surface, and nodulose part-ascospores. Hypocrea fulva is distinguished by its yellow-brown pulvinate stroma, which has a thin layer of pseudoparenchymatous tissue, and its slightly conical part-ascospores. The part-ascospores of H. megalocitrina are much more conical and the nodules more developed, while the part-ascospores of H. aurantiistroma are even less conical with nodules that are present but not as distinct. The syntypes of H. fulva differ morphologically from the illustrations provided by Doi (1972) Teleomorph: Stromata pulvinate, gregarious or dispersed, sometimes fused together to form larger and irregular stroma masses, wax-yellow or mustardyellow, 3-8 mm broad, 0.3-0.8 mm thick; surface of the stromata smooth; perithecia completely immersed in the stroma, obovate-subglobose, generally crowded and elongate, 150-200 µm high; asci 48-56 × 2.6-3.0 µm; part-spores colourless, minutely pustulatetuberculate; generally globose to subglobose, often with a depressed surface between paired part-spores, or the proximal part-spores often obovate, sometimes ellipsoid, 2.2-3.2 × 2.0-2.8 µm (Doi 2001) . Anamorph: Conidiophores verticillate, phialides in whorls of 3-5, slender, attenuated toward the tip, 14-32 × 1.7-2.8 µm; conidia colourless, ovate, obovate, ellipsoid, subcylindrical with a minutely truncate base, smooth, 2.6-6.2 × 1.4-2.3 µm; chlamydospores not formed (Doi 2001 , reaction strong, when hyphal protrusions abundant, stroma typically turning reddish brown; ostiolar canals visible at stroma surface, appearing brown. Stroma surface appearing granular due to minutely roughened hyphal protrusions at the stroma surface; tissue immediately below the stroma surface formed of loose pseudoparenchymatous cells and t. intricata, anastomosing to form a more compact layer of t. angularis; stroma tissue more angular near the centre of the stroma, tissue near the margin becoming more hyphal. Pseudoparenchymatous tissue below the perithecia formed of a loose t. globulosa and t. intricata. Perithecia completely immersed, tightly compacted near the stroma centre, fewer near the margin. Perithecia subglobose to ellipsoidal, (133-) 145-190(-207) 1-5.7(-7) µm (n = 158), tip slightly thickened. Part-ascospores hyaline, spinulose, dimorphic; distal part subglobose, sometimes subellipsoidal, (2.3-)3-4 (-5.5) × (2.3-)2.8-3.6(-4.2) µm, L/W ratio (0.8-)0.97-1.2(-1.5) (n = 192); proximal part ellipsoidal, sometimes subglobose to ovate, (2.2-)3.5-4.5(-6.2) × (2-)2. 6-3.3(-4) µm, L/W ratio (0.9-)1.2-1.6(-2) (n = 192).
Anamorph: Colonies growing across the surface of a 100 mm diam Petri plate with PDA in 10 d, with a dense white layer of mycelium close to the agar surface and a uniform layer of cottony aerial mycelium above; conidiophores visible in the aerial mycelium, borne on long elements of aerial hyphae, irregularly branched; not all isolates producing conidiophores on PDA; no odour; light brown pigment (7D7) near the edge of the plate; stroma initials observed on PDA at 10 d in the same isolates that produce conidiophores; chlamydospores not observed at 10 d. Colonies growing across the surface of a 100 mm diam Petri plate with SNA in 10 d, producing a thin layer of effuse mycelium covering the agar surface; no odour; no pigment; no conidiophore production. Colonies growing across the surface of a 100 mm diam Petri plate with CMD in 10 d, producing a thin layer of mycelium close to the agar surface; conidiophores visible in the aerial mycelium, especially near the edge of the plate; conidiophores verticillium-like, irregularly branched, borne on long hyphal elements; no odour; no pigment production; stroma initials (aggregates of mycelium leading to the production of stromata) present; some isolates do not form conidiophores in culture; chlamydospore-like swellings observed on CMD. Optimal temperature for growth is 25-30 °C.
Measurements of micro-morphological characters were the same on all three media. A description based on measurements from all three media at 10 d follows: conidiophores irregularly verticillate, phialides solitary and alternating, or in whorls of 3-5, subulate, (9-)14-21(-36) × (1.5-)2.3-3.2(-3.8) µm (n = 67); conidia variable, subellipsoidal to elongate ellipsoidal, (3-)4.7-6.4(-10) × (2-)2.4-3.1(-3.4) µm (n = 67), sometimes with asymmetric, truncate base.
Habitat: On bark of Quercus, Rhododendron, possibly lichenicolous, possibly fungicolous as found growing on Armillaria rhizomorphs.
Comments: Specimen B.E.O. 99-36 has roughened hyphal protrusions near the stroma surface that are more prevalent and developed than in the other specimens examined and it was the only collection from those examined on Armillaria sp. rhizomorphs. In addition, molecular data suggest that this collection represents a unique phylogenetic species. However, the ascospore measurements and anamorph characteristics of B.E.O. 99-36 are identical to the type of H. pseudostraminea. At this time, it is unclear whether this collection represents a unique species as more isolates have to be sequenced. The orange-brown stromata, granular appearance of the stromata, and part-ascospore measurements allow H. pseudostraminea to be distinguished from H. microcitrina. Hypocrea lactea sensu Doi has hyphal protrusions near the stroma surface similar to those observed in H. pseudostraminea. Teleomorph: Stromata effuse, extensive and confluent, largest continuous stroma 12 × 11 mm, smallest continuous stroma 2 × 2 mm, with a white byssoid margin, varying in colour, greyish yellow to orangish brown, sometimes light yellow (4B5-5E4, 3A4), ostiolar canals visible at stroma surface, appearing orange (5A4). KOH + , reaction variable, stromata becoming darker orange. Stroma surface appearing granular due to minutely roughened hyphal protrusions, tissue at stroma surface formed of loose to compact t. intricata. Pseudoparenchymatous tissue below the perithecia of t. intricata or t. globulosa, variable among collections, sometimes compact or sometimes in loose aggregates. Perithecia completely immersed, tightly compacted near the stroma centre, fewer near the margin. Perithecia subglobose to ellipsoidal, (176-)180-205(-210) µm high (including the length of the ostiolar canal (n = 16); width of perithecia near the base (measured from 3/4 total length of the perithecium); (80-)88-126(-140) µm (n = 16); length of ostiolar canal (33-)38-53(-58) µm; width of ostiolar canal (35-)38-50(-53) µm (n = 16); wall KOH +/-, reaction variable, usually becoming dark orange. Asci cylindrical, (48-)53-67(-77) × (3.3-) 3.9-4.9(-5.8) µm (n = 105), tip slightly thickened. Partascospores hyaline, thick-walled, spinulose, dimorphic; distal part subglobose, sometimes subellipsoidal, (2.3-) 2.7-3.5(-4) × (2.3-)2. 7-3.3(-3.8 ) µm, L/W ratio (0.75-)0.9-1.2(-1.4) (n = 140); proximal part, ellipsoidal, sometimes subglobose to ovoidal, (2.6-)3.1-3.9(-4.7) × (1.9-)2.4-2.9(-3.6) µm, L/W ratio (0.9-)1.1-1.5(-1.8) (n = 192).
Anamorph: Colonies growing across the surface of a 100 mm diam Petri plate with PDA in 10 d; not producing concentric rings or radial rays of mycelium; a dense layer of cottony aerial mycelium covering the entire Petri plate; sometimes aerial mycelium producing yellowish brown exudates; conidiophores not visible in the aerial mycelium at 10 d; only some conidiophore aggregates near the inoculation plug and the edge of the plate; conidiophores irregularly verticillate; phialides subulate, typically in whorls of 3-5, but also solitary or in groups of two, (8-)13-22(-33) × (1.3-)2. 3-3.2(-4.3) µm (n = 50); conidia hyaline, smooth, ellipsoidal to elongate ellipsoidal, variable in size, (3.7-) 4.8-6(-12) × (1.9-)2.3-2.9(-3.6) µm (n = 69), without a well-defined flat edge, rarely with a septum; chlamydospores not observed at 10 d on PDA; culture producing yellowish grey diffusible pigment (4B6), near the agar plug appearing darker orange (5B8) to brown (5D7). After 10 d conidia begin to swell, becoming larger and more variable in size. Colonies growing across the surface of a 100 mm diam Petri plate with SNA in 10 d; a thin layer of effuse mycelium covering the whole surface; no odour, no pigment production; no conidiophore production. Colonies growing across the surface of a 100 mm diam Petri plate with CMD in 10 d, producing a thin layer of effuse mycelium covering the agar; no conidiophore production, no odour, and no pigment production. Optimal temperature for growth is 25 °C on all three media.
Habitat: On bark, possibly fungicolous. 12. Hypocrea albocitrina Yoshim. Doi, Bull. Natl. Sci. Mus. 15: 661. 1972 visible from the stroma surface, appearing yellow; perithecia globose, widely spaced, not abundant. Asci cylindrical, (63-)66-78(-83) × (4.8-)4. 9-5.7(-6) µm (n = 17), tip slightly thickened. Asci with (12-14-)16 partascospores; ascospores often segregating into 4 large or 4 small spores; segregation pattern of part-spores 4 large to 4 small and 8 large to 8 small common, with some 4 to 8 to 4. Asci with fewer than 16 part-spores usually showing segregation patterns of 2 to 8 to 2, or 
